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The conversion of  hydrocarbons i n t o  o t h e r  products, namely acetylene,  
has been of cons iderable  commercial and academic i n t e r e s t  during t h e  p a s t  
fzw decades. Severa l  types of a r c  devices  have been reported f o r  carrying 
out ?;he pyro lys i s  of methane. 

Thermodynanic c a l c u l a t i o n s  show that i f  t h e  ace ty lene  is  t o  be  re- 
covered r'rori a n  equi l ibr ium chemical mixture, high temperatures i n  t h e  
range of 2000 t o  35000K a r e  required,  depending on t h e  carbon-hydrogen 
r a t i o  and t h e  p r e s s u r e  of  t h e  system. Furthermore, k i n e t i c  considerat ions 
i n d i c a t e  t ha t  t h e  p y r o l y s i s  of methane is  f a s t  r e l a t i v e  t o  t h e  decomposi- 
t i o n  of ace ty lene ,  and t h a t  t h e r e  is an optimum r e a c t i o n  t ime t o  maximum 
both the conversion of t h e  methane and t h e  y i e l d  of acetylene.  

The most d e s i r e a b l e  accomplishment of high temperature  methane pyroly- 
sis  would be t o  e f f e c t  t h e  endothermic reac t ion .  

2CH4 = C2H2 + 3 H2 

High temperature chemical e q u i l i b r i a  f o r  t h e  carbon-hydrogen system have been 
computed by Blanchet l  and Bauer and Duff2. A s s u m i n g  t h a t  chemical equilibrium 
i s  achieved i n  a n  e l e c t r i c  a r c  reac tor ,  t h e  d a t a  i n d i c a t e  that t h e  temperature 
at which t h e  ace ty lene  concentrat ion is a maximum. The k i n e t i c s  of methane 
pyro lys i s  and a c e t y l e n e  decomposition during hea t ing  and cool ing u l t imate ly  
determine t h e  y i e l d  of ace ty lene .  

Anderson and Case3 developed a k i n e t i c  model t o  descr ibe  t h e  reac t ions  
between a r c  heated hydrogen and methane. ' Calculat ions provided information 
on condi t ions,  such as He/CHI+ r a t i o ,  and reac t ion  time, t o  achieve optimum 
conversion of m e t h a n e  t o  ace ty lene .  The ana lyses  ind ica ted  that conversion 
i s  not s e n s i t i v e  t o  contac t  t ime,  wi th in  0.1 and 1.3 mil l iseconds,  and t h a t  
speed of mixing i s  the most important parameter. 

Reactions of  methane and hydrogen wi th  carbon vapor produced by an elec- 
t r i c  arc were repor ted  by Baddour and Blanchet l .  
ace ty lene  concent ra t ions  of 20 t o  40 percent  i n  t h e  product  gas were found. 

I n  t h e i r  experiments, high 

I n  an a r c  process ,  t h e  reac t ions  which determine t h e  success of t h e  pro- 
cess  occur during t h e  hea t ing  s t e p  and a l s o  dur ing  t h e  cool ing s t e p .  Heating 
of t h e  reac tan t  may proceed e i t h e r  as i t  passes  through t h e  discharge,  o r  
when it mixed with arc-heated gases. Cooling of t h e  high temperature gases 
i s  usua l ly  c a r r i e d  out  quickly,  e i t h e r  by contact  with cold sur faces top  mix- 
ing with cold f l u i d s .  
vers ion  of methane which e i t h e r  (1) passed through a confined a r c  discharge, 
or ( 2 )  was mixed w i t h  a n  arc-heated gas. I n  t h i s  inves t iga t ion ,  a n  attempt 
was made t o  understand t h e  f a c t o r s  which a f f e c t  t h e  ex ten t  of methane pyro- 
l y s i s  ana t h e  y i e l d  of  ace ty lene .  

This  paper descr ibes  a n  experimental  s tudy on t h e  con- 
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I n  experiments on t h e  d i r e c t  conversion of methane, the r e a c t a n t  was 
psssed through a confined a r c  discharge and quenched by mixing hydrogen or  
helium a t  s e v e r a l  d i f f e r e n t  quench t o  methane flow r a t i o s .  
Of t h e  gas from t h e  arc discharge v a r i e d  between 78 and 150 kca$ p e r  gram 
mole which correspond t o  equi l ibr ium temperatures of 2500 t o  33000K. The 
conversion of methane, t h a t  was observed, v a r i e d  from 65 percent  a t  the l o w  
enthalpy t o  85-100 percent  a t  t h e  high enthalpy.  With a helium quench, t h e  
methane conversion v a r i e d  between 90 and 98 percent ,  but  at low He/CH4 r a t i o s ,  
a l a r g e  f r a c t i o n  of t h e  methane went t o  carbon black,  due p r i n c i p a l l y  t o  low- 
er quenching rates and g r e a t e r  ace ty lene  decomposition. 
was s l i g h t l y  lower wi th  a hydrogen quench and t h e  l a t te r  probably a f f e c t e d  
t h e  k i n e t i c s  of methane decomposition. 

The ne t  enthalpy 

Methane conversion 

The conversion of methane by mixing with arc-heated hydrogen was s tudied  
i n  a plug-flow type  reac tor .  Hydrogen was  passed through a confined a r c  d i s -  
charge. Islethane w a s  mixed with t h e  hydrogen leaving  t h e  a r c  zone, and heated 
and reac ted  as t h e  gases  flowed co-current ly  through a cooled pipe., The con- 
vers ion  of t h e  methane was c o r r e l a t e d  wi th  t h e  enthalpy of t h e  hydrogen a r c  
gas. Conversions were low (15-20 percent )  a t  low e n t h l p i e s ,  and were near ly  
complete a t  high e n t h a l p i e s  (go-100 p e r c e n t ) .  These energ ies  corresponded t o  
50-60 k c a l  per  mole of methane a t  t h e  l o w  e n t h a l p i e s  t o  220 k c a l  a t  high val- 
ues, and were very  Large f o r  t h e  degree of methane r e a c t i o n .  Two effects 
were important. The a r c  gas  l o s t  energy t o  t h e  cool  r e a c t o r  w a l l s  and t h e  
rate of energy t r a n s f e r  decreased wi th  t i m e  due t o  a decrease i n  the energy 
d r i v i n g  force .  
and f a i r  agreement was obtained between t h e  data from (1) cracking methane i n  
t h e  a r c  discharge,  ( 2 )  cracking methane i n  a n  arc-heated hydrogen stream, and 
(3) t h e  e x p e r b e n t s  of Anderson and Casel. 
observed t o  be a func t ion  of t h e  a v a i l a b l e  energy, and under sane condi t ions ,  
ace ty lene  y i e l d s  of go t o  100 p e r c e n t &  t h e o r e t i c a l  were achieved. 

By al lowing f o r  energy l o s s e s ,  t h e  conversion was c o r r e l a t e d  

The y i e l d  of ace ty lene  w a s  a l s o  
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